correlated with protection against rotavirus disease. 4 The four most prevalent genotypes that account for > 80% of cases of human rotavirus diarrhea worldwide are: G1P [8] , G2P [4] , G3P [8] , and G4P [8] . 5 The first rotavirus vaccine, Rotashield, was licensed in the United States in 1998. However, the US Centers for Disease Control and Prevention recommended suspending its further use soon after because of a link between this vaccine and increased risk of intussusception. [6] [7] [8] RotaTeq™, a pentavalent rotavirus vaccine, is a live vaccine constructed from an attenuated bovine WC3 rotavirus, in which genes coding for serotype-specific surface protein have been replaced by genes from human rotavirus coding for the comparable serotypes G1, G2, G3, G4 or genotype P [8] . These reassortant viruses induced immune responses to the human capsid proteins while maintaining the attenuation properties of the parent strains. The safety, efficacy and immunogenicity of the vaccine have been evaluated in several phase I and II clinical trials. 1 
Methods

Study design
This was a Phase III, multicenter, randomized, double-blind, placebo-controlled global trial designed to evaluate the safety and immunogenicity of the RotaTeq vaccine (Merck & Co., Inc., Whitehouse Station, NJ, USA). Taiwan was the only site in Asia in this vaccine trial. Healthy infants between 6 and 12 weeks of age were enrolled from three hospitals in Taiwan.
The aims of this study were: (1) to assess the safety of the rotavirus vaccine with respect to all adverse effects (AEs) within 42 days of any dose of vaccine; (2) to assess the incidence of intussusception occurring within 42 days of any dose of vaccine and 1 year after the first dose; and (3) to evaluate the immunogenicity of the three-dose regimen of oral rotavirus vaccine in Taiwanese children, and compare the results with those in other countries.
Vaccination
The live pentavalent rotavirus vaccine was composed of five human-bovine reassortant rotaviruses, each of which contained the WC3 bovine strain backbone with different human viral surface proteins G1, G2, G3, G4 and P [8] . An estimated final concentration of 6.5 × 10 7 IU to 1.2 × 10 8 IU was included in a 2 mL dose solution. Enrolled subjects were randomized to receive three oral doses of the vaccine or placebo at three separate visits scheduled 4-10 weeks apart. The first dose was administered between 6 and 12 weeks of age. Exclusion criteria are listed in Table 1 . Subjects who were receiving oral poliovirus vaccine during the study or within 42 days prior to the first dose of vaccine/placebo were also excluded.
Immunogenicity evaluation
Antibody response to this vaccine was evaluated in a subgroup of subjects recruited at the National Taiwan University Hospital. Two serum samples were collected for immunological evaluation. One was collected before dose 1 of RotaTeq/ placebo, and the other was collected on day 42 after dose 3. Serological response was tested for antirotavirus IgA antibody against WC3 by ELISA, and for serum neutralizing antibody (SNA) against rotavirus serotypes G1, G2, G3, G4 and P [8] by an antigen-reduction enzyme immunoassay at Cincinnati Children's Hospital Medical Center (Cincinnati, OH, USA), as reported previously. [9] [10] [11] [12] Seroconversion was defined as a greater than three-fold increase in the antibody titer of either antirotavirus IgA or NA.
Safety measurement
To evaluate the safety of the vaccine, all subjects were followed for AEs for 42 days after each dose. For the incidence of intussusception, they were followed for 42 days after each dose and for up to 1 year after the first dose. Intussusception was defined by radiographic or surgical confirmation, or evidence of intussusception at autopsy within 1 year of the first dose.
Results
From April 2003 to June 2004, a total of 189 infants (99 males, 90 females) were enrolled from three hospitals in northern Taiwan. Of these, 96 were in the vaccine group, and 93 were in the placebo group. Four children from the vaccine group were withdrawn from the study during follow-up (3 were lost to follow-up and the other was cross-treated).
The AEs of special clinical interest, such as fever, intussusception, diarrhea, vomiting, and irritable crying, are shown in Table 2 . There were no cases of intussusception in this Taiwanese cohort. During the 42 days of follow-up after each vaccination and 1 year following the first dose, the vaccine did not increase the risk of any AE in comparison with the placebo group.
Seroconversion rates of antirotavirus IgA were 93.9% (95% CI, 83.1-98.7%) among 49 vaccine recipients and 12.5% (95% CI, 4.7-25.2%) among 48 placebo recipients (Table 3) . Seroconversion rates of SNA to each human rotavirus serotype in the vaccine were significantly higher in the vaccine group than in the placebo group. At least a three-fold rise in SNA titer against serotypes G1, G2, G3, G4 and P [8] was found in 83.7%, 16.3%, 16.3%, 70.8% and 61.2% of patients, respectively, in the vaccine group. In contrast, the seroconversion rates were only 2.1-4.1% in the placebo group (Figure) .
Discussion
According to the results of the large-scale Rotavirus Efficacy and Safety Trial (REST) of RotaTeq™, this vaccine was safe and efficacious in preventing rotavirus gastroenteritis, and decreasing severe diarrhea and health care-related contact. 13 Its efficacy was 74% against G1 to G4 rotavirus gastroenteritis of any severity, and 98% against severe rotavirus gastroenteritis. The safety substudy of the present trial showed that the rates of fever, vomiting and diarrhea within 42 days after any dose of vaccine were similar between the vaccine and placebo groups.
The results of our study demonstrate that the vaccine is generally well-tolerated among normal healthy infants in Taiwan. There was no case of intussusception found in this study. It is expected that the reassortant rotavirus vaccine will be safe and effective in the prevention of severe illness caused by rotavirus in Asia. However, the number of cases in this study was too small to conclude that this rotavirus vaccine was free from the risk of intussusception.
According to a previous study, the protection provided by primary rotavirus infection is serotype specific. 14 G1 rotavirus is now more prevalent around the world; 4,5 however, the predominant circulating strains still vary by year and location. The four G serotypes contained in the present vaccine are responsible for > 80% of cases of rotavirus gastroenteritis worldwide. 5 Serotype G9 (in association with P [8] ) has become more prevalent during the past few years, especially in some developing countries of Asia and Africa. 5 Serotype G8 rotavirus has also emerged as an important serotype in some Africa countries. 15 A sentinel hospital surveillance for rotavirus diarrhea in Taiwan during 2001 to 2003 has demonstrated that rotavirus accounted for 43% of the hospitalizations for diarrhea among children aged ≤ 60 months. 16 The novel genotype G9P [8] was detected most commonly (37% of strains), followed by G1P [8] (31%), G2P [4] (9.3%), and G4P [8] (3.7%).
The emergence of serotype G9 in Taiwan since 2001 is of concern because it is not known Seroconversion was defined as a greater than three-fold increase in the titer of SNA against each rotavirus serotype between baseline and 42 days after the third dose. whether or not it can also be protected against by this pentavalent vaccine. A reassortant virus that contained P [8] protein was included in the vaccine because it is the most common circulating P protein and is usually combined with G1, G3, G4 and G9 serotypes. The REST study of RotaTeq™ has proven that the vaccine reduces related hospitalizations and emergency department visits caused by G9 rotavirus by 100%. The efficacy against G9 rotavirus gastroenteritis of any severity was 65.4%. 13 However, because of the complexity and flexibility of viral genotype diversity and epidemiology, it is important that continued rotavirus strain surveillance programs are conducted throughout the world before and after the introduction of this new vaccine. 17 Ongoing surveillance also allows for evaluation of vaccine impact once it has been introduced in a country.
Measurement of serum antibody titers is a common method for determining the immune status of humans or animals against particular microorganisms, including viruses. High titers of serum antirotavirus IgA have shown a good correlation with protection in children preexposed to natural infection. However, no such correlation of protection has been found for the oral rotavirus vaccine. 18, 19 In fact, no specific titer of any antibody analyzed has been established as an immunological marker of protection after vaccination. 9, 20, 21 Their presence is a general indicator for the actual effector of local protection, e.g. virus-specific secretory IgA at the intestinal mucosal surface, which is a critical factor for protection. 22 The seroconversion rates for SNA against G2 and G3 were low (both 16.3%) in comparison to G1 and G4 (83.7% and 61.2%) in the present study. A similar finding was also noted in the REST study. 13 However, the clinical efficacy against rotavirus gastroenteritis of any severity according to G serotype in the REST study was 74.9%, 63.4%, 82.7% and 48.1% for G1, G2, G3 and G4, respectively. The serum antibody responses following vaccination are only partially related to protection. 9 The relatively poor correlation between serotype-specific SNA and clinical vaccine efficacy may be a real problem in the future, when further evaluation of the vaccine effect on various virus serotypes is needed.
In Taiwan, rotavirus gastroenteritis still leads to significant morbidity in infants and children. One out of every two to five children aged < 5 years old was estimated to require medical care for rotavirus infection in Taiwan in 2001, with an estimated annual medical expenditure of US$10-16 million. 23 The application of rotavirus vaccine in infants should be advantageous in Taiwan. However, because of the high vaccine prices, further study to evaluate the health and economic benefits of universal infant rotavirus vaccination is needed.
In conclusion, the results of our study demonstrate that this vaccine is safe and immunogenic in healthy infants in Taiwan. Continued surveillance is recommended.
